Transient scattering as a tool for identification of objects and their physical properties through their natural (resonance) complex frequencies is now under intensive investigation by mathematicians and engineers. This promising method of inverse scattering is pertinent to mechanical as well as electromagnetic waves. Presently this problem is considered in the context of acoustics for time varying objects, such as pulsating cylinders and spheres. Together with a choice of a reasonably simple physical model and boundary conditions, this provides a framework for discussing a few canonical problems. Mathematically, the method employed here is essentially a perturbation technique. The representation in terms of compact symbolic differential operatom which are manipulated algebraically helps to avoid a lot of cumbersome detail. The results display the creation of new spectral components and the associated new poles {i.e., new resonance frequencies) due to the time variation of the objects. The additional new features, when compared to the presumably known signature of the original object at rest, facilitate the identification of the details of the motion. The impulse response for time varying scatterers is obtained from the response to harmonic excitation by contour integration. To this end the poles in the complex frequency plane must be identified. It is shown below that the motion creates new poles, or causes the migration of poles. The appearance of new pole configurations may contribute to the analysis of the motion of the object by means ofits transient scattering response. In realistic situations the excitation will not be a unit impulse, which is a mere mathematical construetion. Indeed, the object will be excited by a sharp pulse, and some additional signal processing will be necessary before the poles can be extracted from the scattered signal.
INTRODUCTION
Scattering by time varying objects has been discussed, to some extent, in the past. This study is not concerned with simple problems of uniform motion leading to the wellknown Doppler effect, which have been amply discussed in
The impulse response for time varying scatterers is obtained from the response to harmonic excitation by contour integration. To this end the poles in the complex frequency plane must be identified. It is shown below that the motion creates new poles, or causes the migration of poles. The appearance of new pole configurations may contribute to the analysis of the motion of the object by means ofits transient scattering response. In realistic situations the excitation will not be a unit impulse, which is a mere mathematical construetion. Indeed, the object will be excited by a sharp pulse, and some additional signal processing will be necessary before the poles can be extracted from the scattered signal.
I. STATEMENT OF THE PROBLEM AND A GENERAL FORMAMSM--HARMOHIC EXCITATION
We are dealing with the problem of scattering from time varying objects. For the ease of harmonic excitation the incident wave is chosen as u,(r,t ) = e '•"'-•', 
The boundary condition is prescribed on the surface r = p, subject to {3), and for simplicity, the boundary condition used throughout the present study is u,{ p,t } + u,( p,t although other boundary conditions are applicable too. The ß general problem is to compute {2) subject to (3} and {4), with {2) being an appropriate solution of the wave equation, as explained above. Inasmuch as a general method is not available, we confine the discussion to cases where the time varying surfaces are perturbed fixed shapes, e.g., time dependent perturbed planes, cylinders, spheres, and p is given in the form P = Po + pl(t} ß by which it is understood that the exponential has to be forreally expanded in powers of{ p•-V), where V is the gradient operator, and the differential operators thus obtained applied to u•(Po). 
II. TRANSIENT SCATTERINGsGENERAL CONSIDERATIONS
To complete the general introduction, the question of transient scattering and the related subject of the appropriate pole configuration is introduced. However, the reader might prefer to skip this section in a first reading and go on to examples of perturbed planes scattering harmonic waves.
Transient scattering is at the present investigated very intensively by mathematicians and engineers, especially in the field of electromagnetic wave scattering. From the impulse response a map of poles can be obtained in the complex frequency plane, constituting a signature which characterizes the scatterer in question. This, therefore, provides an inverse scattering method which facilitates the identification of scatterers and certain properties thereof. The special contribution of the present study, as given in subsequent sections, is the analysis of the effect of time variation of the scatterer on the scattered wave, and the interpretation in terms of the associated pole configuration. Since the present study brings together {for the first time, it is believed} two remote subjects, namely, transient scattering analysis and scattering in the presence of time varying boundaries, a short introduction seems to be in order.
Physically speaking, the impulse response is what is measured when a bell is given a brisk tap, for example. The bell responds with a ringing {the impulse response scattered wave) according to its natural resonance frequencies. These depend on the bell's shape and materials involved. Since the sound is transmitted into the environment, its amplitude decays as the energy departed to the bell is slowly dissipated. Hence, we are dealing with complex frequencies describing the exponential decay. A map of these frequencies in the complex plane characterizes the object in question and provides a signature. In the following mathematical introduc-tion it will be clarified how the impulse response of a time varying object may contribute to studying its motional characteristics from the changes in its pole map, compared to the unperturbed object.
For simplicity the excitation is taken as a plane-wave unit impulse 
respectively. In order that the boundary condition (4) be satisfied for all t, ¾ in ( way that a leaky cavity is formed, it is clear on grounds of a physical argument that standing waves can be present, i.e., outgoing waves alone are not sufficient to describe the situation. The answer to the question of choosing the scattered wave in terms of outgoing waves will have to be resolved in the future, at the moment the present author is not aware of an existing answer.
The method of solution for dq in (26} is similar to the normal incidence case, in that we have an infinite system of equations
Once the harmonic excitation solution (26) Before prodeeding to the main line of this section, it seems advisable to try and understand which problems will be simple to handle. As it happens so often, problems are amenable to straightforward analytical treatment if they can be expressed in terms of the components of the coordinate system in question in a simple way. This is the reason for the relative simplicity of the analysis of the plane scatterer problems considered above. In order not to be too vague, consider for example, the case of a circular cylinder oriented along the z axis and vibrating along the y axis, with the incident wave given by ( tz=n+n'+m--u--u ', q=n--n'--u+u'. {55} This is as complicated a problem as we wish to display in the present discussion, and serves to show that although the general formalism {10} can be used, the details, even for an inno-peated to derive higher-order approximations, but the bookkeeping and the additional detail render it prohibitive within the scope of the present study. In principle, the creation of the new poles due to the new coefficients has been demon- 
